In the present work, we examine the role of the magnetic field (MF), which causes a rather pronounced confinement of the jets at microquasars. Due to radial Lorentz forces acting on the jet's matter towards the jet's axis, the outgoing flux is collimated along the same axis and vertically to the compact object. Alternatively, a rotating central object may drag the surrounding MF into collimation around the produced jet. In such objects, jet emerges from each side of the accretion disc.
INTRODUCTION
In general, jets can be produced in binary systems known as microquasars (MQ), being sources of high energy neutrinos and γ-rays, operate as cosmic engines capable of accelerating particles (such as protons, neutrons, pions) on very high energies. The high energy (non-thermal) protons may collide with cold protons leading to the emission of high energy neutrinos and gammarays being moderated by the MF [3] . In this work, we have simulated relativistic magnetohydrodynamic (RMHD) jet flow, for different MF values using the PLUTO hydrocode [9] . By adjusting the relevant physical parameters (injection velocity, pressure and density of the jet), we study the dependence of the collimation of the outflow on the MF (specifically its toroidal component) in and around the jet [7, 10] .
Experimenting with different MF values, allowed us to investigate its effect on the neutrino and γ-ray emissivity. We also examined the degree of the jet flow collimation within a chosen region of values of the initial density and injection velocity of the flow [7] . We mainly explored the role of MF in the formation and propagation of jets through 2-D and 3-D animations (using the PLUTO data) produced with Visit 9.1. [10] . Proceedings of the 24 th Syposium of the HNPS It can be proved that is parallel to the total velocity which is not parallel to the total MF [2] .
THEORETICAL DETAILS

, in contrast with the
The angular momentum and the energy also relate to the MF as, Proceedings of the 24 th Syposium of the HNPS where Ω is the angular velocity, that varies over magnetic surfaces. Equation (7) is the well-known Bernoulli equation for the flow, that expresses the conservation of the energy per unit mass along the poloidal field lines. Function ℎ is the specific enthalpy.
Using equation of motion (4), the Grad-Shafranov equation can also be produced as
The scalar functions (Ψ), (Ψ), Ω(Ψ), (Ψ) and (Ψ), are integrals of motion that must be prescribed of the boundary conditions and is the Mach-Alfvén number [2] . The rotation of the accretion disk revolves the matter around the central object of the MQ. The acceleration of the jet is supported by the accretion disk which is dominated by a perpendicular MF. The MF lines are stretched by the material that is fixed on the lines (due to the assumption of infinite conductivity), ending up surrounding the jet flow. So, the particles of the ionized material are tight on the lines and behave like beads on a rosary. Due to the initial velocity, the inertia of the flux pushes the MF lines outwards. Finally, the MF becomes highly toroidal and at last helical [4] .
In the approximation of a thin disk, the rotation velocity is Keplerian and the effective potential per unit mass is, In order to launch the jet, there must be at least one particle to be in unstable equilibrium at the point ( 0 , 0). Thus, the second derivative of the effective potential along the MF lines has to be negative.
The collimation of the jet, is achieved by a tensional force associated with leading to a radially inwards directed component of the Lorentz force, Due to these (inward pointing) radial Lorentz forces acting on the jet matter towards the jet's central axis, the outgoing flux is collimated along the same axis and vertically to the accretion disk [6] . also contributes to the jet collimation by affecting the minimum opening angle of the jet.
This magneto-hydrodynamic (MHD) theory has to be extended if the flux velocity is comparable with the velocity of light. Under these circumstances Eq.
(4) becomes, Proceedings of the 24 th Syposium of the HNPS where 2 is the relativistic enthalpy per unit mass and is the local bulk Lorentz factor of the flux [2] .
Angular momentum and energy, are conserved quantities along the poloidal MF lines. In the relativistic case, their expressions are, and respectively [2] .
Finally, the shape of the magnetic surfaces emerges from the solution of Eq. (11) for the force balance across the poloidal field lines. Thus, collimation may be achieved through a combination between self-collimation and the pressure by the material that exists around the jet.
RESULTS AND DISCUSSION
In this work, the jet's flow simulations are performed using the PLUTO astrophysical code in its relativistic magneto-hydrodynamic (RMHD) version [1] .
Tab. 1.
Values of various physical and model parameters for the simulation run [10] .
The Generalized Lagrange Multiplier (GLM) correction method is used, enforcing magnetic divergence suppression through hyperbolic divergence cleaning, while the MUSCL-Hancock scheme is employed as the integrator [7] . The stellar wind is set to decrease away from the companion star as The two main components of the MF can be determined, in Fig. 2 , and the presence of the toroidal component (ringwise) seems to contribute to the jets confinement through the Lorentz force. The toroidal component of the field is also significant, while other MF lines (vectors) form part of the poloidal component, especially near the jet's central axis. The color shows that the value of the MF is stronger near the same axis.
In Fig. 3 we present three different cases of the same jet's MF magnitude, roughly halfway into the simulation run. As can be seen, if we change the initial value of the MF at the base of the jet, the jet gets a different formation. In case (A), where the initial value is 2G we see that the MF is weak and has cylindrical shape. In case (B), where the value is 50G, we see that the same shape still exists, but now, it is covered by a larger one. The space that is occupied by the MF is larger and its value seems to decrease from the vicinity of the central axis to the outer layers. In case (C), 500G, the MF occupies a somehow smaller volume than in the previous case, but the jet seems to be very well collimated and the magnitude of the MF is stronger, leading to a stronger magnetic force towards the jet axis. Figure 4 presents the jet's mass density, at the middle of the simulation, for the same cases of the initial MF values, as in Fig. 3 . We see that, when the MF is stronger, the jet is more collimated around the central axis. Moreover when the MF takes its lowest value, there is sideways flow and the jet becomes more extended. If we compare Figs. 3 and 4 , we conclude that the MF occupies a small portion of the mass density and that explains the sideways flow.
On the otherhand, in cases (B) and (C), the jet is more magnetized and demonstrates a and more focused flow that does not dissipate into the winds. Proceedings of the 24 th Syposium of the HNPS 
CONCLUSIONS
There is a strong dependence of the jet's collimation on the MF. The confinement of jet flow strongly depends on the magnitude of the toroidal component of the field. This mechanism intensifies the possible neutrino emission, as it allows the magnetized matter to remain dense. At places where the matter density is high, the possibility of the reactions which lead to the neutrino emission is high as well. In this manner, the field contributes to the neutrino emissivity. Moreover, when the MF is strong, the sideways flow is of secondary importance and, therefore, less emission is expected from the sides of the jet. This is opposed
